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mpact  of  type  2  diabetes  mellitus  on
he incidence  of  malaria
Type  2  diabetes  mellitus  develops  when  the  pan-
reas stops  producing  enough  insulin  or  when  the
ody becomes  resistant  to  insulin.  Insulin  controls
lood  glucose  levels  by  signaling  the  liver  and  mus-
le and  fat  cells  to  take  in  glucose  from  the  blood.
ype 2  diabetes  is  characterized  by  the  body  not
esponding  effectively  to  insulin.  This  is  termed
nsulin resistance.  As  a  result  the  body  is  less  able
o take  up  glucose  from  the  blood.
The immune  system  can  be  divided  into  the
nnate and  adaptive  immune  systems.  Adaptive
mmune response  seems  to  be  normal  in  persons
ith type  2  diabetes.  The  increased  susceptibility
f type  2  diabetes  patients  to  various  infections
s due  to  dysregulation  of  innate  immunity.  Sev-
ral studies  have  demonstrated  the  elevated  levels
f TNF-alpha  in  type  2 diabetes  patients  [1,2].
nhanced  levels  of  TNF-alpha  stimulate  the  NF-kB
athway  and  triggers  inﬂammation  [3,4].  Elevated
lood  glucose  levels  in  those  with  uncontrolled  type
 diabetes  can  result  in  glycosylation  of  immune
ells. These  immune  cells  are  activated  in  the
bsence of  an  infection  and  become  exhausted  and
esensitized.  Glycosylated  immune  cells  are  thus
nable to  respond  effectively  to  infection  and  the
mmune  system  is  weakened  as  a  result.  Hence,
he incidence  of  infections  including  malaria  is
ncreased  in  patients  with  type  2  diabetes  melli-
us.
As malarial  parasites  cannot  store  energy  in  the
orm of  glycogen,  they  rely  entirely  on  an  exoge-
ous supply  of  glucose.  The  infected  erythrocyte
xhibits a  substantial  increase  in  its  permeability  to
ow molecular  weight  sugar.  An  in  vitro  study  sug-
ested  that  growth  and  proliferation  of  this  parasite
s impaired  below  5.5  mM  of  glucose  concentration
5].  Normal  glucose  levels  in  adults  range  between
.6 and  5.8  mM.  In  children  less  than  6  years  ofPlease  cite  this  article  in  press  as:  Raghunath  P.  Impact  of  t
Infect  Public  Health  (2016),  http://dx.doi.org/10.1016/j.jip
ge, the  average  blood  glucose  is 8.3  mM.  Pregnant
omen also  tend  to  have  high  blood  glucose  lev-
ls. The  incidence  of  malaria  is  more  in  children
ﬂ
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876-0341/© 2016 King Saud Bin Abdulaziz University for Health Sciend  pregnant  women  and  this  incidence  corre-
ates well  with  the  blood  glucose  concentration.  A
ase-control  study  conducted  in  Ghana  found  that
atients  with  type  2  diabetes  had  a  46%  increased
isk of infection  with  Plasmodium  falciparum  [6].
Antimalarial  drugs  such  as  quinine  and
rtemisinin are  known  to  induce  hypoglycemia
n patients  [7]. Ellagic  acid,  a  very  effective
ntimalarial used  in  India,  also  has  strong  hypo-
lycemic  effect  [8]. Another  antimalarial  drug
erolidol  which  is  extracted  from  Artemisia
erba-alba  also  exhibits  hypoglycemic  effects  [9].
ll these  data  clearly  suggest  that  replication
f Plasmodium  species  depends  on  host’s  blood
lucose  concentration  and  the  drugs  which  reduce
he blood  glucose  levels  will  interfere  with  growth
f the  parasites.  In  uncontrolled  type  2  diabetes,
atients possess  elevated  blood  glucose.  Hence,
hey are  more  susceptible  to  malaria.
I think  that  higher  glucose  level  might  increase
he attractiveness  for  female  Anopheles  mosquito
eeding. This  has  been  demonstrated  for  pregnant
omen. Ansell  et  al.  reported  that  the  number  of
osquitoes  approaching  the  pregnant  women  each
ight is  1.7—4.5  times  higher  than  the  nonpreg-
ant women  [10]. Why  do  mosquitoes  bite  some
eople  more  than  others?  Many  substances  which
ttract  the  mosquitoes  have  been  reported.  Lactic
cid, a component  of  sweat  also  reported  to  be  one
f the  strong  attractants.  Type  2  diabetes  patients
ho takes  metformin  contain  high  concentrations
f lactic  acid  in  their  sweat.  Hence,  they  attract
ore number  of  mosquitoes  and  are  at  considerably
igher risk  of  contracting  malaria.
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